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Specification 

Search Method and Receiving Apparatus in CDMA Mobile 
Communication Receiving Scheme 

5 !• Technical Field 

The present invention relates to a synchronous 
acquisition search method and receiving apparatus in a 
reception scheme of a CDMA (Code Division Multiple 
Access) mobile communication system and, more 

10 particularly, to a synchronous acquisition search method 
and receiving apparatus which use a plurality of 
searchers whose search ranges are arbitrarily set in 
accordance with the states of reception paths. 
2 . Background Art 

15 Recently, a great deal of attention has been 

paid to a cellular telephone system of the CDMA scheme 
in which spread spectrum processing of a carrier wave is 
performed by using a pseudo random code as a spreading 
code, and the pattern or phase of the code sequence of 

20 the spread signal is changed to allow multiple access. 

In a cellular telephone system of this CDMA 
scheme, the correlation start position of a received 
spread signal must be determined at high speed. Once 
this initial synchronization is acquired, control needs 

25 to be performed to always maintain synchronization for 

correlation computation by performing tracing to match a 
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chip timing with path jitter variations caused on a 
radio channel . 

In a general mobile communication system, the 
influence of multi-path fading poses a serious problem* 
5 The CDMA scheme uses a RAKE reception scheme to 

positively and effectively use such multi-paths. This 
RAKE reception scheme uses a plurality of fingers for 
performing reception processing in correspondence with a 
plurality of multi-paths and searchers for generating 

10 reception timings. After reception processing, the 
resultant signals are combined. 

As described above, searchers are used to 
perform synchronization acquisition of a reception 
signal and obtain a reception timing from the delay 

15 profile of a mult i -path. 

Fig. 7 shows the concept of general-purpose 
searchers to explain a conventional search method. 
Referring to Fig. 7, a reception signal 1 is sent to a 
plurality of searchers 70 to 72 through a switching unit 

20 2, and one searcher is assigned to each of users 13 to 
15. For example, the searcher 70 is assigned to the 
user #0 (13), the searcher 71 is assigned to the user #1 

(14) , and the searcher 72 is assigned to the user #2 

(15) . 

25 Fig. 8 shows the overall arrangement of a 

receiving apparatus using the conventional search method. 
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Fig, 8 shows only a portion corresponding to one user. 
Referring to Fig. 8, a radio signal propagating through 
a radio channel is received by a receiving section 20 
through an antenna. This reception signal is converted 
5 into a digital signal by an analog/ digital conversion 
section 21 connected to the output stage of the 
receiving section 20, and becomes a baseband signal - 
This signal is sent to a multi-path processing section 
80. In the multi-path processing section 80, the input 

10 digital signal (baseband signal) is sent to a plurality 
of finger sections 81 which perform processing for each 
of a plurality of reception paths and a searcher section 
82 which generates a reception timing. The finger 
sections 81 then perform reception processing in 

15 accordance with a reception path timing as an output 
from the searcher section 82. 

The reception signal outputs processed by the 
finger sections 81 are sent to a RAKE combining section 
23 to be combined. The resultant signal is sent to a 

20 signal processing section 24 to be decoded. 

The operation of the conventional searcher 
section 82 shown in Fig. 8 will be described below with 
reference to Fig. 9. In the conventional searcher 
section 82, the entire cell radius is set as a search 

25 range 90. An entire delay profile 40 is searched by 
using the single searcher section 82 . 
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Multi-path in mobile communication has the 
following two features : 

d) Multi-path occurs in a relatively narrow 
range at considerably frequent intervals. This range 
5 does not quickly changes. A search must therefore be 
made in a narrow range . 

(D In mobile communication, an abrupt change 
in reception state inevitably occurs when, for example, 
a mobile station moves into the shadow of a building or 

10 the like. This phenomenon is called shadowing, which 

does not occur very often. However, in this phenomenon, 
it suddenly happens that a signal cannot be received at 
the preceding reception timing, and the position where a 
new path will appear cannot be known. For this reason, 

15 the entire cell radius must always be searched. That is, 
the behavior of multi-path in mobile communication 
includes the above two contradictory features. 
3 . Disclosure of Invention 

(Problem to be Solved by the Invention) 

20 In the conventional method in which processing 

is performed by using one type of searcher, a 
deterioration in accuracy occurs as the hardware or 
software scale of the searcher increases or the 
processing delay increases. 

25 It is, therefore, an object of the present 

invention to provide a search method and receiving 
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apparatus in a CDMA mobile communication reception 
scheme which exhibit higher accuracy than the prior art. 
(Means of Solution to the Problem) 
In order to achieve the above object, 
5 according to the present Invention, two types of 
searchers. I.e., narrow- search-range searchers and 
wide -search -range searchers, are set out of a plurality 
of groups of searchers In accordance with the features 
of the two types of multi-paths described above. 

10 In other words, a search method and receiving 

apparatus In the CDMA mobile communication reception 
scheme according to the present Invention are 
characterized In that one wide -search-range cell 
searcher which searches the entire cell radius and one 

15 or more narrow- search- range delay spread searchers which 
respectively search a plurality of multi-paths are 
assigned, out of a plurality of groups of searchers. In 
correspondence with the respective users In accordance 
with the multi-path condition. 

20 More specifically. In a reception scheme of 

the CDMA mobile communication system which Is 
constituted by a receiving section, an analog/digital 
conversion section, a control section, a plurality of 
searcher sections, a plurality of finger sections, a 

25 RAKE combining section, and a signal processing section, 
the control section sets the search width offset value 
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to 0 to assign one cell searcher, and sets the entire 
cell radius as a search range. 

In addition, in order to assign delay spread 
searchers, the control section calculates the number of 
5 peak levels equal to or higher than a threshold from 
effective path timing information on the delay profile 
of the reception signal output from each of the searcher 
sections so as to determine the number of necessary 
delay spread searchers . The control section also 

10 calculates the width of peak levels equal to or higher 
than the threshold from the effective path timing 
information so as to determine the search range of each 
delay search searcher. In addition, the control section 
calculates the position of the start timing of the peak 

15 levels equal to or higher than the threshold from the 

effective path timing information so as to determine the 
start point of the search operation of each delay spread 
searcher. This makes it possible to prevent an increase 
in processing delay and search efficiently with high 

20 accuracy and on reduced hardware and software scales. 

If a new cell searcher or delay spread 
searcher must be assigned as the number of users or 
multi-paths increases while all the searchers are used, 
the control section releases the delay spread searcher, 

25 of the searchers that have already been assigned, which 
exhibits the lowest degree of influence on each user. 
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This makes it possible to realize more effective use of 
searchers . 

In addition, the control section calculates a 
barycentric position corresponding to the sum of the 
5 products of pieces of energy information and pieces of 
position information about a plurality of paths which 
are equal to or higher than a predetermined level on the 
delay profiles of delay spread searchers, and performs 
control to prevent the calculated position from falling 
10 out of the threshold of a search range. This makes it 

possible to suppress a search error accompanying changes 
in the position of a mobile station, resulting in an 
increase in search accuracy. 
4 . Brief Description of Drawings 
15 Fig. 1 is a view showing the concept of a 

receiving apparatus to explain a search method according 
to the present invention; 

Fig. 2 is a block diagram showing the overall 
arrangement of the receiving apparatus using the search 
20 method according to the present invention; 

Fig. 3 is a block diagram showing the detailed 
arrangement of one searcher section using the search 
method according to the present invention; 

Fig. 4 is a view for explaining searcher 
25 assigning operation using the search method according to 
the present invention; 
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Fig. 5 is a view for explaining search range 
moving operation using the search method according to 
the present invention; 

Fig. 6 is a flow chart showing the overall 
5 operation of a searcher using the search method 
according to the present invention; 

Fig. 7 is a view showing the concept of a 
conventional searcher ; 

Fig. 8 is a block diagram showing the overall 
10 arrangement of a receiving apparatus using a 
conventional search method; and 

Fig. 9 is a view for explaining the operation 
of a conventional searcher section in Fig. 8. 
5 . Best Mode of Carrying Out the Invention 
15 An embodiment of the present invention will be 

described below with reference to the accompanying 
drawings . 

In the present invention, the following two 
types of searchers are defined, and the following 
20 operation conditions are set for the respective 
searchers to implement the following functions : 
(D cell searcher: The search range is set to the entire 

radius of a target cell; the search 
resolution is low, and the time 
25 required for a search is long. 

(2) delay spread searcher: The search range is a narrow 
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range ±n which one effective 
mult i- path can be received; 
the search resolution is high, 
and the time required for a 
5 search is short . 

Fig. 1 shows the concept of a receiving 
apparatus which is used to explain a search method 
according to the present invention. Referring to Fig, 1, 
a reception signal 1 is sent to a plurality of searchers 
10 3 to 12 through a switching unit 2. One of the cell 
searchers 5, 10, and 12 and at least one of the delay 
searchers 3, 4, 6, 7, 8, 9, and 11 are assigned to each 
user. 

For example, for a user #0 (13) shown in 
15 Fig. 1, since a reception signal contains two signals 

that are sent through different reception paths and have 
different phases, i.e., two multi-paths have occurred, 
the delay spread searchers 3 and 4 are assigned to the 
respective multi-paths. In addition to the two delay 
20 spread searchers described above, one cell searcher 5 

that searches the entire radius of a cell regardless of 
the multi-path condition is assigned to the user. 

For a user #1 (14), since four multi-paths 
have occurred in the reception signal, the delay spread 
25 searchers 6, 7, 8, and 9 are assigned to the respective 
multi-paths. In addition to the four delay spread 
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searchers described above, the cell searcher 10 that 
searches the entire radius of a cell is assigned to the 
user. 

For a user #2 (15), since one multi-path has 
5 occurred in the reception signal, the delay spread 

searcher 11 is assigned to the single multi-path. In 
addition, the cell searcher 12 that searches the entire 
radius of a cell is assigned to the user. 

As described above, the number of multi-paths 

10 varies depending on the reception signal for each user. 
For this reason, for a user subjected to many 
multi-paths, many delay spread searchers equal in number 
to the multi-paths are assigned. For a user subjected 
to a small number of multi-paths, a small number of 

15 delay spread searchers are assigned. 

Fig. 2 shows the overall arrangement of a 
receiving apparatus using the search method according to 
the present invention. Fig. 2 shows only a portion 
corresponding to one user. Referring to Fig. 2, a radio 

20 signal propagating through a radio channel is received 
by a receiving section 20 through an antenna. This 
reception signal is converted into a digital signal by 
an analog/digital conversion section (A/D) 21 connected 
to the output stage of the receiving section 20, and 

25 becomes a baseband signal. This signal is sent to a 
multi-path processing section 22. 
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In the multi-path processing section 22, the 
input baseband signal is sent to a plurality of finger 
sections 26 and a plurality of searcher sections 27 for 
generating a reception timing. For each of a plurality 
5 of reception paths, the corresponding searcher section 
27 obtains a correlation value level while shifting the 
dispreading timing of the baseband signal little by 
little, and designates an optimal reception timing to 
the corresponding finger section 26. For each of a 

10 plurality of reception paths, the corresponding finger 
section 26 despreads the baseband signal at the 
reception timing designated by the searcher section 27, 
thereby performing detection processing. 

Outputs from the finger sections 26 are sent 

15 to a RAKE combining section 23 to be added together. 
The resultant signal is sent to a signal processing 
section 24 to be decoded. 

The operation of the searcher sections 27 is 
controlled by a control section 25. This control 

20 operation is performed on the basis of the following 
four input signals : 

(D P{i) input signal 60: the ith effective path timing 

information on the delay 
profile of the reception 
25 signal output from each 

searcher section 27; 
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<D E(i) input signal 61: the ith effective path energy 

information of the reception 
signal processed by each 
finger section 26 (electric 
5 field strength in the ith 

effective path = Eb/Io); 
(D Q{U) input signal 62: the current reception quality 

(current frame error rate) of 
a signal that is output from 
10 the signal processing section 

24 and associated with a user 
U; and 

@ QoS(U) input signal 63: the service quality 

(predetermined frame error 
15 rate) required for the user 

U and registered in a 
system data* 
More specifically, the control section 25 
generates control signals for classifying searchers into 
20 two types of function -specific searchers (cell searcher 
and delay searcher) from these input signals, and 
changes control signals to optimally maintain the set 
states of the searchers. 

Fig. 3 shows the detailed arrangement of one 
25 of the searcher sections 27 shown in Fig. 2. In this 
case, this searcher section will be described as a 
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searcher section 31, 

Referring to Fig. 3, a baseband signal 30 sent 
from the A/D section 21 is input to each of correlators 
1 to n of a plurality of groups of correlators 33, 
5 together with the spreading code controlled by a search 
width offset delay circuit 37 and search delay circuit 
36, which are two types of delay circuits of the 
searcher section 31. The respective correlators 1 to n 
perform dispreading at reception timings that are 

10 different from each other little by little. Outputs 
from the respective correlators of the plurality of 
groups of correlators 33 are respectively input to 
adders 1 to n of a plurality of groups of adders 34. 
Each adder adds (integrates) a correlation value by a 

15 designated number of times. Outputs from the respective 
adders of the plurality of groups of adders 34 are input 
to an effective path determining section 35. The 
effective path determining section 35 searches the svmi 
correlation values for a reception timing with a high 

20 level (searches for a peak) and determines whether to 
set the corresponding path as an effective path. 

The effective path determining section 35 
performs protection processing to prevent frequent 
changes in the assignment of effective paths even with 

25 variations in level due to fading and slight changes in 
reception timing, thereby allowing stable reception of 
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Signals. The Information of a determined effective path 
Is output as a peak timing signal 32 to be supplied to a 
corresponding one of the finger sections 26, and Is also 
output as the P(l) signal 60 to the control section 25. 
5 The control section 25 performs first searcher 

assigning operation on the basis of the P(l) signal 60 
which Is the 1th effective path timing Information on 
the delay profile of the reception signal output from 
each searcher section. On the basis of this effective 

10 path timing information P(i) signal 60, the control 

section 25 calculates the specific nxunber of peak levels 
equal to or higher than a threshold, the specific width 
of the peak levels, the specific location of the start 
timing of each peak level, and the like. 

15 The control section 25 determines the number 

of necessary delay spread searchers from the number of 
peak levels equal to or higher than this threshold, 
calculates a search range control signal 64 from the 
width of the peak levels, and calculates a search width 

20 offset control signal 65 from the start timing of each 
peak level. 

A spreading code generator 38 generates a 
spreading code for dispreading a baseband signal. This 
spreading code is supplied to each correlator of the 

25 plurality of groups of correlators 33 through the search 
width offset delay circuit 37 and search delay circuit 
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36 which are two types of delay circuits. 

The search width offset delay circuit 37 
deteirmines the start point of searching operation by 
delaying a spreading code by a search width offset 
amount on the basis of the search width offset control 
signal 65. The search delay circuit 36 delays the 
spreading code input from the search width offset delay 
circuit 37 little by little such that the dispreading 
timings of the respective correlators of the plurality 
of groups of correlators 33 differ from each other by a 
predetermined time interval. The search delay circuit 
36 also determines the search range of each searcher 
section on the basis of the search range control signal 
64. 

Searcher assigning operation using the search 
method of the present invention will be described next 
with reference to Fig. 4. Fig. 4 shows a case for the 
user #0 (13) in Fig. 1. The reference reception timing 
of a radio transceiver station (BTS) indicates 
propagation delay = 0 with reference to the reception 
timing of the BTS. With respect to a reception signal 
with a delay profile 40, the number of paths (the number 
of effective paths) equal to or higher than the peak 
level threshold is two. In this case, the control 
section 25 assigns the searcher 5 set as a cell searcher, 
and the searchers 3 and 4 set as delay spread searchers 
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3 and 4 to the respective effective paths. 

The searcher 5 set as a cell searcher sets a 
search width offset 44 to 0 so as to set a search range 
41 to the entire radius of a cell. The searcher 3 set 
5 as a delay spread searcher operates with a search width 
offset 45 and search range 42 as shown in Fig. 4 to 
search for the first path. Likewise, the searcher 4 set 
as a delay spread searcher operates with a search width 
offset 46 and search range 43 as shown in Fig. 4 so as 

10 to search for the second path. 

The control section 25 controls each searcher 
in this manner. Since the number of searchers is 
limited in the hardware resource, if a new cell searcher 
or delay spread searcher must be assigned as the number 

15 of users or multi-paths increases while all the 

searchers are used, the delay spread searcher, of the 
searchers that have already been assigned, which 
exhibits the lowest degree of influence on each user is 
released. 

20 In this case, the control section 25 

calculates the degrees of influences of assigned 
searchers on each user on the basis of the following 
three factors: 

® QoS{U): the service quality (predetermined frame 
25 error rate) registered in system data and 

required for the user U; 
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(2) Q(U) : the current reception quality (current frame 

error rate) of a signal output from the signal 
processing section 24 and associated with the 
user U; and 

5 (3) E{ds): the energy information in the effective path 
of a target delay spread searcher (electric 
field strength in the effective path = Eb/Io) . 
Letting DS be the degree of influence on a 
searcher that has already been assigned to a user, and 
10 DSmin be the minimum value of DS, the minimum value 
DSmin is obtained by calculating equation (1) given 
below with respect to all delay spread searchers in all 
users : 

DSmin = MIN[ (QoS(U) - Q(U))xE(ds)] 
15 for all U 

for all ds . . . ( 1 ) 

The control section 25 operates to release the 
delay spread searcher corresponding to DSmin and assign 
the released searcher to a new user or multi-path. 
20 Search range moving operation using the search 

method of the present invention will be described next 
with reference to Figs. 5A, 5B, and 5C- Protection 
processing is performed for each searcher to prevent 
frequent changes in the assignment of effective paths 
25 even with variations in the level of a reception signal 
due to fading and slight changes in reception timing. 
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If, however, a mobile station moves beyond this 
protection processing after a searcher is assigned, a 
delay profile greatly varies and falls out of the search 
range of the searcher, resulting in a decrease in search 
5 accuracy • 

The control section 25 therefore obtains a 
barycenter Pc of the delay profile, and controls the 
search range of the searcher in accordance with 
variations in the position of the barycenter Pc. First 
10 of all, the barycenter Pc of the delay profile is 

obtained on the basis of the following three factors by 
using equation { 2 ) : 

(D N: the number of paths equal to or higher than a 
predetermined level in the search range of a 
15 delay spread searcher (the number of effective 

paths ) ; 

(2) P(i): the ith effective path position information on 

the delay profile; and 
(B) E(i): the ith effective path energy information 
20 (electric field strength in the ith effective 

path = Eb/Io) on the delay profile. 

N 

Pc = 2) BCi)xP(i) ... (2) 

1-1 

The barycenter Pc of this delay profile is 
constituted by barycentric energy information PcE and 
25 barycentric position information PcW, and the 

barycentric position information PcW of the barycenter 
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PC is obtained by 

PcW = Pc PcE - . . ( 3 ) 

The operation of changing the search range of 
the searcher is obtained on the basis of the following 
5 factors by using equation (4) so as to match variations 
in the position of the barycenter Pc: 
(D Wf_old: the search start position of the delay 
spread searcher before the change; 

(2) Wf_new: the search start position of the delay 
10 spread searcher after the change; 

(3) W: the search range of the delay spread searcher; 
and 

(3) a , (3 : constants { a < (3 ) 

if ( PcW< ( Wf _old + a W ) ) then Wf _new 
15 = Wf_old - [Wf_old + ( QJ + j8)W/2) - PcW] 

else if (PcW>(Wf_old + jS ) ) then Wf_new 
= Wf_old + [PcW - (Wf_old + (a + /3)W/2)] 
else then no change in search range ...(4) 
The above operation will be described with 
20 reference to Figs^ 5A, 5B, and 5C. Fig. 5A shows the 

relationship between a delay profile 56 at the beginning 
of assignment of a delay spread searcher and a search 
range 50 of the delay spread searcher. Referring to 
Fig. 5A, a calculated barycentric position PcW 54 is 
25 specified from the overall calculated value obtained by 
specified by multiplying the energy information and 
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position Information of each of paths 51, 52, and 53 
equal to or higher than a predetermined level and adding 
the respective products together. Obviously, at the 
beginning of assignment of the delay spread searcher, 
5 the barycentrlc position PcW 54 coincides with a median 

55 of thresholds 57 in the search range of the delay- 
spread searcher, and the delay profile 56 falls within 
the search range of the delay spread searcher. Note 
that the control section 25 does not activate the 

10 operation of changing the search range of the delay 

spread searcher while the barycentrlc position PcW 54 
falls within the position range of the thresholds 57. 

Fig. 5B shows a case where the delay profile 

56 shifts to the left after assignment of the 

15 description because the mobile station has greatly 

approached the radio station. Referring to Fig. 5B, the 
barycentrlc position PcW 54 of the delay profile 56 
shifts to the left beyond the position range of the 
thresholds 57 in the search range of the delay spread 

20 searcher. The control section 25 activates the 

operation of changing the search range of the delay 
spread searcher. The control section 25 shifts the 
search range 50 of the delay spread searcher to the left 
by the value obtained by subtracting the barycentrlc 

25 position PcW 54: the value of PcW of the delay profile 
56 from the median 55: Wf_old + (a + iS )W/2 of the 
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thresholds 57 in the search range of the delay spread 
searcher as indicated by equation (4) . That is^ the 
control section 25 changes the search range of the delay 
spread searcher by subtracting the above value from the 
5 value of the search width offset control signal 65 that 
controls the search width offset delay circuit 37. 

Fig. 5C shows a case where the delay profile 
56 shifts to the right after assignment of the 
description because the mobile station has greatly moved 

10 away from the radio station. Referring to Fig. 5C, the 
barycentric position PcW 54 of the delay profile 56 
shifts to the right beyond the position range of the 
thresholds 57 in the search range of the delay spread 
searcher. The control section 25 activates the 

15 operation of changing the search range of the delay 
spread searcher. The control section 25 shifts the 
search range 50 of the delay spread searcher to the 
right by the value obtained by subtracting the median 
55: Wf_old + (a + )3)W/2 of the thresholds 57 in the 

20 search range of the delay spread searcher from the 

barycentric position PcW 54: the value of PcW of the 
delay profile 56 from as indicated by equation (4). 
That iS/ the control section 25 changes the search range 
of the delay spread searcher by adding the above value 

25 to the value of the search width offset control signal 
65 that controls the search width offset delay circuit 
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37. 

The overall operation of a searcher using the 
search method of the present Invention will be described 
next with reference to Fig. 6. 
5 Referring to Fig. 6, when a signal from a new 

user is received, the control section 25 for searchers 
is activated (step Al) to check whether there Is any 
unused searcher that can be assigned to the user (step 
A2) . 

10 If there is no unused searcher, a delay spread 

searcher exhibiting the lowest degree of Influence 
obtained from operation based on equation ( 1 ) is 
released (step A3). When an unused searcher is prepared, 
the control section 25 sets the available searcher as a 

15 delay spread searcher or cell searcher (step A4). 

Thereafter, search processing is performed by using this 
searcher, and a path is assigned to each finger (step 
A5) . 

The control section 25 checks the barycentric 
20 position of the delay spread searcher to monitor whether 
the barycentric position falls within the threshold of 
the search range (step A6). If the barycentric position 
falls within the threshold, the control section 25 keeps 
the search range unchanged. If the barycentric position 
25 exceeds the threshold, the control section 25 moves the 
search range of the delay spread searcher by the 
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operation based on equation (4) given above and Figs. 5A, 
5B, and 5C (step A7). 

The control section 25 monitors a multi-path 
condition through the delay spread searchers and cell 
5 searchers, and determines on the basis of the multi-path 
condition whether to add a delay spread searcher to be 
assigned to the user (step A8). In adding a delay 
spread searcher, as In the operation from steps A2 to A4 , 
It Is checked whether there Is any unused searcher that 

10 can be assigned to the user (step A9}, a delay spread 
searcher exhibiting the lowest degree of Influence 
obtained from the operation based on equation (1) given 
above Is released (step AlO) If there Is no unused 
searcher, and the available searcher Is set as a 

15 necessary delay spread searcher (step All), thereby 
adding the delay spread searcher. 

Finally, the control section 25 monitors the 
end of communication (step A12). While the 
communication continues, the flow returns to step A5 to 

20 continue search processing, and the series of operations 
are repeated. After the communication Is completed, 
this operation Is terminated (step A13). 

As described above, according to the present 
Invention, an Increase In processing delay can be 

25 prevented by using a combination of two types of 

searchers , I.e., narrow- search-range searchers and 
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wide -search -range searchers, of a plurality of groups of 
searchers for each user in accordance with the features 
of a mult i -path that has occurred. This makes it 
possible to provide an efficient search method that 
suppresses an increase in the size of hardware and 
software. 

If all the searchers are used, the control 
section checks a delay spread searcher, of the assigned 
searchers, which exhibits the lowest degree of influence 
on each user, and releases it, thereby allowing 
effective use of searchers. 

In addition, the control section obtains the 
barycenter of a delay profile, and controls the search 
range of the searcher in accordance with variations in 
this barycentric position. This makes it possible to 
suppress a search error accompanying changes in the 
position of a mobile station, resulting in an increase 
in search accuracy. 
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CLAIMS 

1 . A search method In a CDMA mobile 

2 communication scheme, characterized In that one cell 

3 searcher which has a wide search range and searches an 

4 overall cell and not less than one delay spread searcher 

5 which has a narrower search range than the cell searcher 

6 are assigned to a reception signal in accordance with a 

7 multi-path condition of the reception signal, and 

8 synchronous acquisition is performed on the basis of a 

9 signal obtained from each searcher. 

2 . A search method in a CDMA mobile 

2 communication scheme according to claim 1 , characterized 

3 in that the delay spread searcher is assigned to each 

4 readable multi-path. 

3 . A search method in a CDMA mobile 

2 communication scheme, characterized in that 

3 a receiving section which receives a reception 

4 signal sent through a radio channel, an analog/digital 

5 conversion section which converts the reception signal 

6 into a digital baseband signal, a multi-path processing 

7 section which includes a plurality of searcher sections 

8 and a plurality of finger sections and outputs a 

9 plurality of detection signals by processing multi-paths 

10 contained in the baseband signal, a RAKE combining 

11 section which adds the detection signals to output a 

12 combined signal, a signal processing section which 
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13 combines the combined signal, and a control section 

14 which controls the searcher sections are provided. 



16 for setting the plurality of searcher sections as two 

17 types of function-specific searchers which are a cell 

18 searcher and a delay spread searcher on the basis of 

19 four signals based on effective path timing Infoxmatlon 

20 on a delay profile of a reception signal output from the 

21 searcher section, effective path energy Information of a 

22 reception signal processed by the finger section, 

23 current reception quality associated with a user and 

24 output from the signal processing section, and service 

25 quality required for the user and registered In system 

26 data, and 

27 a control signal Is changed to optimally 

28 maintain set states of the plurality of searcher 

29 sections. 



2 communication scheme according to claim 3, characterized 

3 in that 



5 control signal and search width offset control signal to 

6 one searcher section so as to make the searcher section 

7 operate as a cell searcher which searches an entire 

8 radius of a cell, and 



15 



the control section generates a control signal 



4. 



A search method In a CDMA mobile 



4 



the control section outputs a search range 



9 



outputs a search range control signal and 
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10 search width offset control signal to the plurality of 

11 searcher sections so as to make the searcher sections 

12 operate as delay spread searchers which respectively 

13 search a plurality of multi-paths, 

14 the searcher section comprises a plurality of 

15 groups of correlators each of which receives, together 

16 with a baseband signal, a new spreading code obtained by 

17 performing delay processing with respect to a spreading 

18 code from a spreading code generator by a search width 

19 offset delay circuit and a search delay circuit, and 

20 performs despreading, a plurality of groups of adders 

21 which add correlation values output from the groups of 

22 correlators by a designated number of times, and an 

23 effective path determining section which searches for a 

24 reception timing with a high level from the correlation 

25 values after addition and determines whether a 

26 corresponding path is an effective path, and 

27 the search width offset delay circuit controls 

28 a search start timing in accordance with a search width 

29 offset control signal from the control section, and the 

30 search delay circuit controls a search range in 

31 accordance with a search range control signal from the 

32 control section. 

5 « A search method in a CDMA mobile 

2 communication scheme according to claim 4 , characterized 

3 in that 
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4 the search range control signal for making the 

5 searcher operate as the cell searcher sets a value 

6 equivalent to a cell radius as a search range, and the 

7 search width offset control signal for making the 

8 searcher operates as the cell searcher sets 0 as an 

9 offset value, and 

10 the search range control signal for making the 

11 searcher operate as the delay spread searcher sets a 

12 width of peak levels calculated from effective path 

13 timing information on a delay profile of a reception 

14 signal as a search range, and the search width offset 

15 control signal for making the searcher operates as the 

16 delay spread searcher sets a start timing of a peak 

17 level calculated from effective path timing information 

18 on a delay profile of a reception signal as an offset 

19 value. 

6 • A search method in a CDMA mobile 

2 communication scheme according to claim 4 , characterized 

3 in that if a new cell searcher or delay spread searcher 

4 must be assigned as the number of users or multi-paths 

5 is required to increase while all the searchers are used, 

6 the control section obtains numerical values, for all 

7 the delay spread searchers in use, calculated by 

8 multiplying differences, obtained by subtracting current 

9 reception quality values associated with users and 

10 output from the signal processing section from service 



- 28 - 



iri' 'i'^n'O"*!* .Ill' ir"t..ii a .,1-1. ^^r- jr-j. rT™3j "^"1 
„Ji„ rki* H»J' «„.;i-'i„Tu ""d' u..!* IL.., 



11 quality values required for the users and registered in 

12 system data, by energy information values in effective 

13 paths of target delay spread searchers, releases a delay 

14 spread searcher in use which exhibits a lowest value of 

15 the numerical values, and assigns the released searcher 

16 to a new user or mult i- path. 

7 . A search method in a CDMA mobile 

2 communication scheme according to claim 4, characterized 

3 in that the control section adds products of pieces of 

4 energy information of a plurality of paths not less than 

5 a predetermined level on a delay profile of the delay 

6 spread searcher and pieces of position information to 

7 calculate a sum total of the products, calculates 

8 position information of the total sum, compares the 

9 position information with a threshold of a search range 

10 of the delay spread searcher, and changes the search 

11 range of the searcher, if the comparison result 

12 indicates that the threshold of the search range is 

13 exceeded, thereby performing control to match a position 

14 of a median of a search range threshold with a position 

15 in the sum total. 

8 . A receiving apparatus in a CDMA mobile 

2 communication scheme, characterized by comprising a 

3 multi-path processing section which assigns one cell 

4 searcher which has a wide search range and searches an 

5 overall cell and not less than one delay spread searcher 
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6 which has a narrower search range than said cell 

7 searcher in accordance with a multi-path condition of a 

8 reception signal, wherein said multi-path processing 

9 section performs synchronous acquisition on the basis of 
10 a signal obtained from each searcher. 

9 . A receiving apparatus in a CDMA mobile 

2 communication scheme, characterized by comprising a 

3 receiving section which receives a reception signal sent 

4 through a radio channel, an analog/digital conversion 

5 section which converts the reception signal into a 

6 digital baseband signal, a multi-path processing section 

7 which includes a plurality of searcher sections and a 

8 plurality of finger sections and outputs a plurality of 

9 detection signals by processing multi-paths contained in 

10 the baseband signal, a RAKE combining section which adds 

11 the detection signals to output a combined signal, a 

12 signal processing section which combines the combined 

13 signal, and a control section which controls said 

14 searcher sections, 

15 said control section including means for 

16 generating a control signal for setting said plurality 

17 of searcher sections as two types of f unction- specif ic 

18 searchers which are a cell searcher and a delay spread 

19 searcher on the basis of four signals based on effective 

20 path timing information on a delay profile of a 

21 reception signal output from said searcher section. 
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22 effective path energy information of a reception signal 

23 processed by said finger section, current reception 

24 quality associated with a user and output from said 

25 signal processing section, and service quality required 

26 for the user and registered in system data, and means 

27 for changing a control signal to optimally maintain set 

28 states of said plurality of searcher sections . 



2 control section is a reception scheme of a CDMA mobile 

3 communication system which makes one searcher section to 

4 search an entire radius of a cell. 



6 includes means for generating a control signal for 

7 setting said plurality of searcher sections as two types 

8 of function- specific searchers which are a cell searcher 

9 and a delay spread searcher on the basis of four signals 

10 based on effective path timing information on a delay 

11 profile of a reception signal output from said searcher 

12 section, effective path energy information of a 

13 reception signal processed by said finger section, 

14 current reception quality associated with a user and 

15 output from said signal processing section, and service 

16 quality required for the user and registered in system 

17 data, and means for changing a control signal to 

18 optimally maintain set states of said plurality of 

19 searcher sections. 



10, 



A CDMA receiving apparatus in which said 



5 



characterized in that said control section 
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ABSTRACT 
Two kinds of user- tailored searchers, 
narrow- search-range searchers (3, 4) and a 
wide -search -range searcher (5), are set out of a 
plurality of groups of searchers in compliance with the 
features of two kinds of multi-paths in mobile 
communication, and are used, thereby making it possible 
to search efficiently with high accuracy and on reduced 
hardware and software scales. 
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DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I HEREBY DECLARE: 

THAT my residence, post office address, and citizenship are as stated below next to my 

name; 

THAT I believe I am the original, first, and sole inventor {if only one inventor is named below) 
or an original, first, and joint inventor (if plural inventors are named below or in an attached 
Declaration) of the subject matter which is claimed and for which a patent is sought on the invention 
entitled 



Search Method and Receiving Apparatus in CDMA Mobile 

Communication Receiving Scheme 

the specification of which (check one) 

is attached hereto. 

X was filed on September 18, 2000 United States Application 

Number or PCT International Application Number ptt/j POO/ 063^2 
and was amended on (if applicable). 

THAT I do not know and do not believe that the same invention was ever known or used by 
others in the United States of America, or was patented or described in any printed publication in 
any country, before I (we) invented it; 

THAT I do not know and do not believe that the same invention was patented or described in 
any printed publication in any country, or in public use or on sale in the United States of America, for 
more than one year prior to the filing date of this United States application; 

THAT I do not know and do not believe that the same invention was first patented or made 
the subject of an inventor's certificate that issued in any country foreign to the United States of 
America before the filing date of this United States application if the foreign application was filed by 
me (us), or by my (our) legal representatives or assigns, more than twelve months (six months for 
design patents) prior to the filing date of this United States application; 

THAT I have reviewed and understand the contents of the above-identified specification, 
including the claim(s), as amended by any amendment specifically referred to above; 

THAT I believe that the above-identified specification contains a written description of the 
invention, and of the manner and process of making and using it, in such full, clear, concise, and 
exact terms as to enable any person skilled in the art to which it pertains, or with which it is most 
nearly connected, to make and use the invention, and sets forth the best mode contemplated by me 
of carrying out the invention; and 
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THAT I acknowledge the duty to disclose to the U.S. Patent and Tradennark Office all 
information known to me to be material to patentability as defined in Title 37, Code of Federal 
Regulations, §1.56. 

I HEREBY CLAIM foreign priority benefits under Title 35, United States Code §n9(a)-(d) or 
§ 365(b) of any foreign application(s) for patent or inventor's certificate, or §365{a) of any PCT 
international application which designated at least one country other than the United States of 
America, listed below and have also identified below any foreign application for patent or inventor's 
certificate or of any PCT international application having a filing date before that of the application 
on which priority is claimed. 



Prior Foreign 
Application Number 


Country 


Foreign Filing Date 


Priority 
Claimed? 


Certified 

Copy 
Attached? 


270612/1999 


Japan 


Sep. 24, 1999 


Yes 


Yes 























I HEREBY CLAIM the benefit under Title 35, United States Code § 1 19(e) of any United 
States provisional application(s) listed below. 



U.S. Provisional Application Number 


Filing Date 















I HEREBY CLAIM the benefit under Title 35, United States Code, §120 of any United States 
application(s), or § 365(c) of any PCT international application designating the United States of 
Amenca, listed below and, insofar as the subject matter of each of the claims of this application is 
not disclosed in the prior United States or PCT International application in the manner provided by 
the first paragraph of Title 35, United States Code, § 1 1 2, I acknowledge the duty to disclose 
information which is material to patentability as defined in Title 37, Code of Federal Regulations, 
§ 1 .56 which became available between the filing date of the prior application and the national or 
PCT international filing date of this application. 



U.S. Parent 
Application Number 


PCT Parent 
Application Number 


Parent 
Filing Date 


Parent 
Patent Number 
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I HEREBY APPOINT the following registered attorneys and agents of the law firm of FOLEY 
& LARDNER to have full power to prosecute this application and any continuations, divisions, 
reissues, and reexaminations thereof, to receive the patent, and to transact all business in the United 
States Patent and Trademark Office connected therewith: 



f 



STEPHEN A. BENT 
DAVID A. BLUMENTHAL 
BETH A. BURROUS 
ALAN I. CANTOR 
WILLIAM T. ELLIS 
JOHN J. FELDHAUS 
PATRICIA D. GRANADOS 
JOHN P. ISACSON 
MICHAEL D. KAMINSKI 
LYLE K. KIMMS 
KENNETH E. KROSIN 
JOHNNY A. KUMAR 
GLENN LAW 
PETER G. MACK 
BRIAN J. MC NAMARA 
SYBIL MELOY 
RICHARD C. PEET 
GEORGE E. QUILLIN 
COLIN G. SANDERCOCK 
BERNHARD D. SAXE 
CHARLES F. SCHILL 
RICHARD L. SCHWAAB 
ARTHUR SCHWARTZ 
HAROLD C. WEGNER 



Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg, No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 



29,768 

28,163 
267874 

"28782 2 
33,6j 3 
33,715 
32,904 

^3 4,079 
2 5,735 

^3 4,649 

26^J 

32,789 
"227749 
^35,792 
'312,792 

3L298 
_ 28. 665 

27,590 
J5A7S 
..22,JJ_5 

25.25B-. 



and I request that all correspondence be directed to: 



David A. Blumenthal 

FOLEY & L ARDNER_ 

3000 K Street, N.W., Suite 500 

Washington, D.C. 20007-5109 



Telephone: 202-672-5407 
Facsimile: 202-672-5399 



I UNDERSTAND AND AGREE THAT the foregoing attorneys and agents appointed by me to 
prosecute this application do not personally represent me or my legal interests, but instead represent 
The interests of the legal owner(s) of the invention described in this application. 

I FURTHER DECLARE THAT all statements made herein of my own knowledge are true, and 
that ail statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 
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Name of first inventor 

Residence 

Citizenship 

Post Office Address 

Inventor's signature 

Date 
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Toshihiro Hayata 



Tokyo , Japan 



Japan 
c/o NKC corporation, 
7-1. Shi ba S-chome. Minato-kii 



Kyor Japan 



June 17, 2002 



Name of second inventor 

Residence 

Citizenship 

Post Office Address 

Inventor's signature 

Date 



Name of third inventor 

Residence 

Citizenship 

Post Office Address 

Inventor's signature 

Date 



Name of fourth inventor 

Residence 

Citizenship 

Post Office Address 

Inventor's signature 

Date 
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